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INVESTIGATION OF POWER EXTRACTION CHARACTERISTICS AND BRAKING

REQUIREMENTS OF A WINDMILLING TURBOJET ENGINE

By Curtis L. Walker and David B. Fenn

SUMMARY

An Investigation was conducted in an altitude chamber at the

NACA Iewls laboratory to determine the power extractlon and braking
characteristics of a windmllling single-spool axisl-flow turbojet

- englne of the 5000-pound thrust class over a range of altltudes from
5000 to 50,000 fset and f£1llght Mach numbers from 0.2 to 1.0. The max-
imum corrected power avallable for accessory drive with the engine

- investigated was found to increase from 3 horsepower at s flight Mach
number of 0.2 to 178 horsepower &t a flight Mach number of 1.0.

The constant applled torque requlred to stop the rotation of =&
windmilling engine in 0.2 minute at & simulated altitude of 40,000 feet
was found to be 99 foot-pounds at & flight Mach number of 0.2 and
620 foot-pounds at a flight Mach number of 1.0, The torque required
to stop the engine iIn 0.2 minute at a flight Mach number of 0.4
decreaged from 290 foobt-pounds to 160 foobt-pounds as altlitude was
inoreased from 5000 to 50,000 feet.

INTRODUCTION

In modern alrcraft there are many accessoriles such gs the flight
controls and landing-gesr mechanisms that must be powered from the
engine. In the event of englne flame-out or fallure on & single-engine
alrcraft 1t 1s deslrable to know the amount of power that would be
avallaple from the windmilling englne for these essentlal accessoriles.
In the cage of & multiengine alrcraft, 1t is alsoc desirable to prevent
a damaged englne from windmilling, For example, a badly unbalanced
englne, 1f allowed to continue 1ts rotation, could cause failure of
the supporting structure. It has been found in a previous Investiga-
tion (reference 1) that the internal drag of a turbojet englne when
allowed to windmill is greater than when rotation is prevented; a

- knowledge of the tordque and time requlred to brake the englne rotor
at various flight conditions 1s therefore also desirable.
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An investigation was accordingly conducted In an altltude test
chamber at the NACA ILewls laboratory to determine the power avallable
for accessory drive with a windmilling engine over a range of altitudes
from 5000 to 50,000 feet and flight Mach numbers from 0.2 to 1.0. This
investigation also included & determination of the time to stop the o
englne from free windmilling speed when & constant braking torque was \%
applied. A study of speed decay from engine speeds above free windmilling
speed has been presented in reference 2 fram an investigation of a slm-
1lar englne.

Deta asre piesented in tabuler and graphical form showing the effects
of altituds, flight Mach number, and englne speed on the extractable power
and the effect of engine speed on the total pressure gradlent through the
engine. In additlon, generallzed data are presented permitting predlc-
tion of power-extraction data at flight conditions other thean those
simulated in this investigation. A method of predlcting the time to
brake the engine from free windmillling speeds wlth constant spplied -
torque is also presented. Symbols used in this report and methode used
in calculations are given in the appendlxes A and B, respectively.

APPARATUS

A turboJjet englne incorporating an eleven-stage axlal-flow com-
presgor and a single-stage turbine was used In this Investlgation. The
polar moment of inertis of the rotatling parts was 440 pound-feetz. At
sea-level static conditions and rated engline speed of 8000 rpm, the
englne had an inlet-alr flow of 91 pounds per second. The engine was
Installed In an altitude test chamber 10 feet In dlameter and 60 feet
long. "A sketch of the installation, Ilncluding pressure and temperature
measuring statlons, is shown in figure 1. A bulkhead with & labyrinth
seal around the front of the englne was used to separate the inlet snd
exhaust sections of the chamber. The deslired conditions of inlet total
pressure snd temperature and exhaust statlc pressure were estahlisghed
In the -chamber by controlling the flow of alr from the laboratory com-
pressors through the englne to the laboratory exhaust system,

The power avallable for accessory drlive was absorbed with a
50-horasepower direct~current dynamometer mounted in the inlet section
of the chamber and coupled to the maln shaft of the engine through the
take~off supplled by the manufacturer. The rotor of thie dynemometer
had a polar moment of inertis of 56 pound-feetz. In order to protect
the dynamometer from harmful overheating and brush arc caused by the
low pressures encountered at high asltitudes, 1t was sealed within a
separate chember vented to the atmosphere and supplied with dry air
from the lsboratory sir system. The dynamometer wes mounted on trunion
bearings and equipped with an electric strain gage to measure the
torque and hence the power transmitted to it from the englne. -
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PROCEDURE

In order ‘o evaluate its steady-state characteristics, the wind-
milling engine was operated over & range of altltudes from 5000 to
50,000 feet and flight Mach numbers from 0.2 to 1.0. At each conditlom,
engine speed was decreased by inoreasing the torque applied by the
dynamometer. In thls manner, dete were obtalned showing the effects
of altitude, fllght Mach number, and englne speed on the power avallable
for accessory drlve, and the effect of engline speed on the total pressure
gradlent through the engine. Furthermore, 1t was of Interest to know
the relative work contributed by the compressor and turbine, Therefore s
date were cbtained of the extractable power avallable from the wind-
milling compressor when the turbine was removed from the engine. This
brief investigatlon was conducted at geveral constant corrected wind-
milling speeds over a range of compressor pressure ratlos, no attempt
being made to determine Reynolds number effects.

In order to determine the tlme required to stop the engine from
free windmilling speed, & neaérly constant torque was applled to the
engine with the dynamomester, and & photographic time history of applied
torque and elapsed revolutions of the engline was taken. IFrom these
records, plots of elapsed revolutlons versus time were made for each
run. The slope of these curves plotted as a functlion of time gave
curves of rpm versus time which provided a means of evaluating the
time required to change the speed of the engine and dynamometer with
a glven torque at & given flight conditlon. To find the time required
to stop the engine alone from free windmillling speed at .a speclfied
flight condition with & constant applled torqus, & graphical computation
method was .used (see appendix C). The time required to change the speed
of the englne and dynamometer combinatlon for several of the flight con-
ditions at which time histories were taken was computed to verify the
methods of computatlon.

RESULTS AND DISCUSSION
Power Extraction

Extractable horgepower from windmilling englne. - The relstion of
extracted horsepower to windmilling engine speed is shown In figure 2.
The extracted horsepower avallable at altlitudes from 5000 to 50,000 feet
and a flight Mach number of 0.4 1s shown in figure 2(a). As a.ltitude
was Incressed, the horsepower avallable rapldly decreased because of
the decrease 1n welght flow. Because the dynamometer imposed a windage
and friction load even with no electrical load, 1t was necessary to
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extrapolate the data to free windmilling engine speed. At a fllght Mach
nunber of 0.4, the free windmilling engine speed was 1600 rpm &t an altl-
tude of 5000 feet and decreassed to 1420 rpm at 50,000 feet.

Ag torque was applled to the engline, the speed was reduced; maxlimum
extracted horsepower was obtained at about one-half of free windmilling &
gpeed. These curves pesk because horsepower ls the product of torque K
and engine speed and, as mentioned previously, windmllling engine speed
was decreased by lncreasing torque. The maxlmum power extracted at an
altitude of 5000 feet was 14.2 horsepower as compared with only 1.9 horse-
power &t 50,000 feet,

The relation of extracted horsepower to wilndmillling englne speed
for flight Mach numbers from 0.2 to 1.0 at an altitude of 40,000 feet
is shown 1n figure 2(b). As flight Mach number was increased, there
was an increase In the pressure drop across the engine and an increase
in alr flow whereby the horsepower &vallable from the engine was
increased. At & flight Mach number of 0.2, only 2.0 horsepower were
avalleble as compared to nearly 28 horsepower &t & flight Mach .
number of 0.8. -

In order to make the extracted horsepower data more useful, the
data have been corrected to statlc sea-~level pressure and temperature
in flgure 3. These data show & tendency to generalize for altitude
but not -for Mach number. At a glven flight Mach number, the spread in
extracted horssepowsr ls primarily & result of changes in the inlet
Reynolds number. The corrected power curve for a Mach number of 1.0
at 50,000 feet was extrapolated to zero. In order to permlt the ume
of these dats at Intermediate flight Mach numbers, the maxlimum
corrected power avallable for accessory drive at 40,000 feet is pre-
gented as a function of flight Mach number In figure 4 whlch is a
cross plot of figure 3. Above s fllght Mach nuwber of Q.7 there was
apparently a nearly linear Increase 1n maximum corrected extracted
horsepower wlth increasing fllght Mach number.

The over-all efficlency of the windmillling englne 1s deflned as
the ratlo of the measured extractable horsepswer to the 1deal horse-
power avallable from adlsbatic expansion of the measured welght Fflow.
This over-all effilclency is presented in figure 5 as a function of
corrected windmilling engline speed for varlous f£light condltions.
These data show & reduction in efficlency with increasing altitude at
a constant flight Mach number, and the highest efficlency obtained in
thls investlgation was 0.36 at a fllight Mach number of 0.2 and an
altitude of 5000 feet. As flight Mach number was incressed at &
constant altitude, peak efficlency showed a tendency to increase. This
increase may be attributed to higher component_efficlencies encountered
as the components approach thelr deslign condltion _at higher speeds.
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The scatter in these data at the low Mach numbers is primarily due to
the inebility to accurately measure the low-power output of the wlnd-
milling englne and the low ram-pressure ratios encountered at these
flight conditions.

Total pressure gradlent through a windmllling engine. - The effect
of windmilling engine speed on the total pressure gradient throughout
the engine is 1llustrated in figure 8., At the 0.8 flight Mach number
conditions (figs. 6(a) and 6(b)), & continuous drop in total pressure
through the engine ocourred at all windmllling englne speeds. However,
at rotative speeds near free windmilling speed and & flight Mach
number of 1.0, there was a pressure rise across the compressor (sta~-
tion 2 to 3) as shown in Figure 6(c) and 6(d). Unpublished data from
& previous investigatlion of the pressure from stage to stage In a
gimilar compressor has shown that under windmlilling conditions the
flret stages produce & pressure rlse and the last stages produce s
pregsure drop. The net result can be a compressor pressure ratio
gregter than unity at the high windmilling engine speeds.

Contribution of compressor to extracted horsepower. - In order to
determine the contributlion of the campressor to extracted horsepower,
en Investligation was conducted with the turblne removed. The variation
of corrected compressor horsepower with corrected windmilling engine
speed 1s shown In figure 7 for varlous compressor pressure ratlos.
Thege data were obtalned wilth the turbine removed from the engine and
no attempt was made to determine the Reynolds number effects. Nega-
tlve horgepower on thls curve was cobtained with the dynamometer driving
the compressor. A comparison of corrected extracted horsepower from
the windmilling engine wlth the corrected power of ‘the compressor is
presented In figure 8. These valuses of compressor power (solid lines)
were obtalned from figure 7 wlth the compressor pressure ratio and
corrected wlndmilling gpeed from windmilling engine data. The dashed
lines of corrected extracted power from the windmilling engine were
taken from flgure 3 at 0.4 Mach number for all altitudes Investigated
and at 0.8 Mach number for 30,000 and 40,000 feet. At a flight Mach
numbsr of 0.4, the compressor power was nearly equsl to the total
powexr of the spgine, which mesns that at thls condition the turbine
wes contributing very little power. At a flight Mach number of 0.8,
the compressor power lncreased as corrected windmilling speed was
Increased from O to 1400 rpm. Maximum extracted power from the englne
was obtalned at a corrected windmilling speed of sbout 1700 rpm, at
whlch point the compressor was supplying approximately half of the
power gvallable from the windmilling englne. As windmilling speed was
increased beyond thls point, the rapid decrease in compressor power
caused the turbine to supply all of the extractable power plus the
power requlired to drive the compressor above a corrected windmilling
speed of 2170 rpm.
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Braking of the Windmilling FEngine

The investigation of the braking requlrements of the windmilling
engine provided time-history data that included the tordque requlred to
decelerate both the englne rotor and the rotor of the dynamometer.
Furthermore, it was found that when the dynamometer was used, constant
torque during deceleration generally could not be maintalned. Because
of these two diffioculties, it was impossible to use the éxperimental
data directly to determine the time hlstory of the braking of the
windmilling engine alone at & constant torque. Therefore, a graphical
method of computing deceleration time using experimental steady-state
data was developed and 1s presented in appendix C.

The method 1g based on the two factors affecting the time required
to change rotative speed: moment of inertls of the rotating mass and
the steady-state windmilling torque of the englne. The steady-state
windmilling torque of the engine must be obtalned from an englne call-
bration such as that shown in figure 9. Figure 9(a) presents the
torque-gpeed characteristics of this windmilling turbojet englne at a
flight Mach number of 0.8 for altitudes from 5000 to 50,000 feet. At
any constant engine speed, windmilling torque decreased with Increasing
altitude, TFor example, at 2400 rpm an lncrease in altitude from
30,000 to 50,000 feet decreased the windmilling ‘torque from 67.5 to
19 foot pounds,

The effect of flight Mach number on the torque-speed characterlistics
of the windmilling engine 1s shown in figure 9(b) for a constant altl-
tude of 40,000 feet. At a glven speed, an Increase In flight Mach
number .requires an lncreese 1ln brake torque to malntaln that speed., At
1200 rpm an increase in flight Mach number from 0.4 to 0.8 ralsed the
torque requlrement fram 9 to 111 foot-pounds. The torque-speed charac-
teristica were generalized for altitude by use of the conventionsal
factors B and 6 to provide & means of camputing time-to-gtop for
flight conditions other than those Investigated (see fig. 10). The
curves of figure 10 were extrapolated both to locked rotor torque and
to free windmilling speed because these conditlons were not obtainable
wlth the dynamometer,

After the necessary torque-speed characteristics had been obtalned,
a check of the validlty of the graphlecal method was made by use of
experilmentally determined speed-decay curves. In thls verification, the
moment of inertia used in the graphlical method included the moment of
Inertla of the dynamometer. The computatlionsl method appeared reliable
and the tlmes requlred to stop the rotailon of the engine alone for
several applled torques and flight conditions were camputed and are
presented in figure 11. The applied torque 1s presented in figure 11(a)
as & function of time-to-stop from free windmilling speed at a flight

9962
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Mech number of 0.4 over a range of altitudes from 5000 to 50,000 feet.
Thig relation is also presented In figure ll(b) Por an altltude of
40,000 feet over a range of flight Mach numbers from 0.2 to 1.0.

In order to provide a means of determining the torque required %o
stop the engine in shorter lengths of time than those presented 1n
figures 11(a) and 11(b), these data were replotted on logarithmic
coordinstes and are presented in Ffigures 11(c) and 11(d). The relation
between spplled torque and time-to-gtop for a constant altlitude of
40,000 feet (fig. 11(c)) shows that the applied torgue required to
stop the engine in 0.2 minute Iincreased from 88 foot-pounds to
620 foot-pounds as flight Mach number was Incressed from 0.2 to 1.0.
At a constant Plight Mach number of 0.4 (fig. 11(d)), the applied
torque requlred to stop the engine in 0.2 minute increased from
160 foot-pounds at an altitude of 50,000 feet to 290 foot-pounds at

5000 feet. The primary advantage of plotting braking date on logarithmic

coordinates is that the computed data become asymptobtic Lo a strailght
line (dashed) which relates applied torque and time-to-stop from free
windmlilling speed if only the lnertis of the rotatlng masses is con-
gldered. Because 1t 1s physleally lmpossible to stop the englne with
an epplled torque less than locked rotor torque, these curves also
become asymptotlc to a value equal to locked rotor torque. These
relations provide a simple means of estlmating the time-to-~stop curve
for any englne when the followling three characterlstics are known:
the locked rotor torque and the firee windmlllling spesd gt the desired
flight conditlon, and the polar moment of lnertia of the engine.
While locked rotor torque and free windmilling speed must be obtained
experimentally, these quantitles are more easlly determined than the
relatlion between steady-state windmilling torgue and wlndmilling engilne
gpeed.

: CONCIUDING REMARKS

From a steady-state power-extractlon investigation of a single-
spool axial-flow turbolet englne of the 5000-pound thrust class, 1t
wasg found that the windmilling turbojet englne ls an avallable but
Inefficlent source of power for accessory drive. At s flight Mach
number of 0.4, only 1.9 horsepower could be extracted at an altitude
of 50,000 feet, whereas at 5000 feet, 14.2 horsepower were avallable
for accessory drlve. At an altitude of 40,000 feet, the maximum
extractable power Increased from about 1.0 to 20.7 horsepower at
Tlight Mach numbers of 0.2 and 0.8, respectively., -The maximum power
avallable for accessory drive at flight conditlons closely approx-
imating landing conditlons, 5000 feet and 0.2 flight Mach number, was
found to be about 2.8 horsepower.,
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The steady-state windmilling power-extractlon dats were found o
generalize rather well for altitude but not for Fflight Mach number var-
iation. The maximum corrected horsepowsr obtalnable fram the turbojet
engine used in this investigation increased fram 1.5 to 178 horsepower
as flight Mach number was ralsed fram 0.2 to 1.0.

The maximum over-all efflclency of the windmilling engline as a
power source was found to be sbout 0.36 for a flight Mach number of 0.2
at an altitude of 5000 feet and tended to decrsase with increasing
altitude at constant flight Mach number. As flight Mach number was
increased at & constant altitude, efficlency showed a tendency to
increase, -

From an eveluatlion of the time requlired to stop the engine from
free windmilling speed at a glven f£fllght condition with a constant
applled torque, it was found that to stop the englne In 0.2 mlinute at
an sltitude of 40,000 feet required an Increass in applied torque from
g9 foot~pounds at 0.2 Mach number to 620 foot-pounds at a filght Mach
number of 1.0. At a flight Mach number of 0.4, the applied torque
required to stop the engine fram free windmilling speed in 0.2 minute
incrsased from 160 to 290 foot-pounds ag altltude was decreaged from
50,000 to 5000 feet. It 1s posslble to estimate wlth reasonably good
acouracy the tlme-to-stop curve for any englne 1f the locked rotor
torque and free windmilling speed for the desired flight condition and
the polar moment of inertia of the rotor are known.

Lewls Flight Propulsion Laboratory
National Advisory Commlttee for Aeronautics
Cleveland, Ohlo

992



99%

2R

NACA RM ES5ZD30 ] 9

7

& oo

O R

APPENDIX A
SIMBOLS

The following symbols are used In thils report:
area, 8q ft
specific heat of alr at constant pressure = 0.24 Btu/1b-CF
gravitational constant = 32.2 £t/sec?
extracted horsepower or horsepower svallable for accessory drive
1desl horsepower avallable wlth lsentroplic expanslon assumed
polar moment of inertisa, 1b-£t2
mechanlical equivalent of heat, 778 £t-1b/Btu
flight Mach number
englne speed, rpm
total pressure, 1b/sq £t abs
static pressure, 1b/sq £+ abs
gas constant
congtant applied torque for braking the engine, f£t-1b
decelerating torque, Q3 = Qy - Qg, Ft-1b
steady~state windmilling torque of the engine, f£t~1b
total temperature, °R
time, min
air flow, 1b/eec
ratlo of speciflic heats for air, l.4

campressor-inlet total pressure divided by NACA standard sea-level
static pressure of 2116 1b/sq £t
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) over-all windmilling engine efficiency, hpg/hpr

] campressor-inlet total temperature divided by NACA standard sea-
level static temperature, 519° R

Subscripts:

g finsl conditlons

1 initial conditions
0 ambient conditlions
1 venturl throat

2 compressor inlet

3 compressor outlet
4 turblne inlet

) exhaust-~nozzle lnlet

9942
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APPENDIX B
METHODS OF CALCULATTON
Flight Mach number. - In the caloulation of flight Mach number,

complete ram pressure recovery at the engine Inlet was assumed and the
following formule was usged:

=1

M o ..72.1_(%) Saf (1)

Extracted horgepower. - The horsepower avallable for sccessory
drive was computed Pfrom the measured steady-state torque and engine
speed.,

anr Qg N
bPa = ~33000 @)

Tdeal horsepowsr and efflcisncy. - The ideal horsepower avallable
was calculated from the isentropic relation:

224
Je, T Do\ 7

=Bz -(=2
b1 =555 |1 - \F; ¥a (3)

and the welght flow W, from the relation:

2=L =L
A V4 P 7
Wy q =~k \ fog 2 [(2) -1 (=2 (4)
’ W/RT y=1 P1 P31
The over-all efflclency of the windmilling engine 17 1s defined as:.
hp

N = (5)
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APPENDIX C
GRAPHICAL METHOD FOR CALOULATING BRAKING REQUIREMENTS
OF A WINDMILLING TURBOJET ENGINE

At & glven flight condition and applied torque greater than locked
rotor torgue, there are two factors, moment of inertia and steady-state
windmilling torque, which affect the time required to stop the engine.
The moment of inertia of the system 1lg related to decelerating torque,
englne speed, and time by Newton's second law:

2xT AN
% = - ZE600 &t (6)

where At = tp -~ t4 18 the time required to make the speed change
AN = Np - Ny wlth a constant decelerating torgue Q3 available to

overcome the lnertia forces of the rotatlng masses. However, the
steady-state windmilling torque of the engine Qg 1s a function of

engline speed and acts in & direction opposing the applled torque Qg .
Thus, equation (6) becomes:

o - q o_c2ar We - ¥y) )
a = %8 T @X3600 (ty - 6y)

A mathematicel solutlion of thles expresslon 1s imposslible unless the
equation of the steady~mtate windmilling torque-versus-engine-speed
curve (similar to fig. 9) for the flight condition in question 1s
known. However, a graphlcal solutlon is possible and 1s belleved to be
sufficlently accurate.

Avbitrary values were chosen for AN over the englne-speed range
from free windmilling speed to zero speed. An average steady~state
windmilling torque Qg was then obtained from & curve such as figure S

each value of AN. For a constant applied torque Qg & value of At
was obtained from equation (7) for each AN. The sum of these values

of At jylelds the time-to-stop from free windmlilling speed at the
glven flight condition and applled torque.

The accuracy of the results obtalned by this graphical solution
willl, of course, depend upon the number of speed lncrements used.
Equation (7} was solved mathematically by writing equatlons for the
steady-state windmilling torque-versus-speed characteristic of the

englne and integrating é; dN for Mach numbers of 0.8 and 1.0 at

9942
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40,000 feet. From these equations, which were tedious to derlve, 1t
wag found that the graphical method was accurate to wlthln 2 percent
when speed lncrements of 6 percent of free windmilling speed were used.

In order to campute the time required to brake the engine at flight
conditions other then those Included In thls Investigation, the uncor-
rected torque-speed characteristic of the engline can be obtalned from
the corrected torque-speed curves of figure 10.
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TABLE 1. - POWER BXTRACTION CHARACTERISTICS OF WINDMILLING TURBOJET ENGINE AT VARIOO3 FLICHT CONDITIONS
Run [Flight Ram Cowpressor-|Couprenaor-{ Aatual | Corrected! Steady- | Corrected | Extracted| Corrected|Compressor~
Mach |preassure inlet inlet wind- wind- state ateady- horsa- | extracted| inlet-
number| ratio total total wmilling| milling | wind- tete wind-{ power horae~ atr flow
N I’Z/po pressure temperature|engine engine [willing | mlilling hpy pover n,2
Pp 3 speed speed torque torque (hp) hpy (1b/Bec)
(1b/8q rt) (°R) LAY Qs 9p/0 /0
(rem} | (rpm) | (£t-3b) (£t-1d) {2p)
ATEA tu i Teet.
1[ 0.209] 1.031 1313 . S10 146 147 43.8 51.1 1.2 1.4 3.63
2{ .199( 1.028 1812 507 274 279 31.2 %8.5 1.8 1.9 3.63
3| .206/ 1.0%0 1810 505 449 455 28,2 33.0 2.4 2.9 .68
4| .208{ 1.030 1813 499 579 590 23.8 27.8 2.8 3.1 5.5}
5| .202 029 1 Ted 1.1 1.3 1.6 5.8)
6] 0.897[ 1.115 -—%@-—;11-& T 41,1 152.8 2.8 3.2 e
7] .396} 1.1l 1560 517 256 258 137.5 148.5 8.7 7.2 ——
8 .386) 1,114 1960 516 643 845 105.9 143.7 15.0 u.;, ———
8] .394{ L.113 1960 514 984 989 75.0 110.8 14.0 15. ———-
10] .401] 1.117 1963 Bl4 1280 1288 .7 48.2 10.9 11.8 ————
11 35_7_1 s i&g 1577 | 1se2 5.3 ] IS T S
121 0.784 N 5015 2975 83.5 85.8 48.0 37.3 o7
15| .797| 1.%20 2677 534 3069 3025 68.8 52.6 38.9 50.3 33.15
4| .800] 1.524 2680 534 3112 So88 50.3 59.7 29.8 23.2 33.45
18] .797} 1.518 2675 554 3180 3105 4.0 26.9 20.4 15.9 35.73
16} .801{ 1.526 2630 533 9 3187 16.3 12.8 10.0 7.1 34.79
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